MicrosiAL EcoLoGgY oF POLYACRYLAMIDE
APPLICATION IN AGRICULTURAL SoiLS

by Jeanine L. Kay-Shoemake and
Mary E. Warwood

High molecular weight water
soluble polyacryiamides (PAMSs) are
currenty being added to irrigation
water 10 control s0il erosion associ-
ated with flood-furrow and sprinkler
irrigation. Applied at 10 mg/L 10 irmi-
gation water eariy in the set (0.7- 3.0
Kg / ha), PAM has bezsn shown to re-
duce furrow sediment loss in Idaho
by an average of £+%%: physical bind-

ing of PAM to soil results in stabili-
zation of soil aggregates (15). Water
soluble PAMSs have been authorized.
or authorization is expected. for ag-
ncultural use in many western states
in the next several years. It is est-
mated that 2 million irrigated acres
in the northwestern United States, and
300 million irrigated acres world-
wide. are suitable for treamment. In
the near term. it is likely that large
amounts of PAM will be applied an-

nuallv to large areas of irrigated farm
land.

The type of PAM found to be most
effeciive in reducing erosion has a
very high molecular weight (10-20 x
10® MW), and a linear, anionic ¢on-
figuradon. It is a copotymer made
up of approximately 82 mole %
acrylamide subunits and 18 mole %
acrylate subunits (14). The resulting
polvmer consists of repeating ethyl-
ene units in the backbone. with amide



and carboxylic acid subsumuents as
side chains. This PAM exisis as an
anionic species in an eavironment of
pH 6 or above: the anuonic character-
isgc is responsibie for the soil stabi-
lizing effect, via compiex slectostatic
interactions with soil aggregates.

Substantal research has focused on
PaM’s ability to reduce soil erosion
via physical-chemical interaction
with soil aggregates (for review see
ref. 15). However, linle is known
about microbial degradation of the
polymer. the impact of PAM on the
microbial ecology of agricultural
soils. or potendal effects of degrada-
ton products on the sysiem. Thers
are contradictory stalements in the
available literature regarding the bio-
degradation of PAM. Azzam et al
(3) state that physical degradaton of
high molecular weight PAM is ap-
proximately 10% per year and that
little or no micrebial degradation oc-
curs. although neo data is avaiiable 1o
supportthis. It has also been reported
in a lay agriculrural pubiication that
PAM degrades into CO,, NH,, and
water (21), again with no data pro-
vided in support of this siatement.
Several PAM biodegradation studies
have been conducted anaerobically to
determine effects of PAM degrada-
tion in flooding solutions used for en-
hanced oil recovery (8). Anaercbic
conditions are not found typically in
the surface soils of agriculmral sys-
tems. so these results have limited ap-
plicability. There are several reports
citing increased growth response of
aerobes grown in the presence of
PaM (7. 17), however. the cause of
this effect is not known.

The biodegradability of PAM by
soil microbes in an agricultural set-
ting is yet unknown and the impact
of PAM application on microbial
communides and nutisnt cycling is
unciear. The objectives of this study
were 10 determine:

1) the impact of PAM additions on
soll bacterial numbers.

2) the potendal for PAM biotrans-
formation as a carbon or nitrogen
sQuITS.

3) possible correlation between
PAM treamnent and changes in soil
inorganic nitrogen pools. and

4) possible mechanisms of micro-
bial vulization.

Materiai and Methods —

Study Area

The USDA Agriculture Research
Service Site in Kimberly. [daho, is
one of the leading research sites test-
ing the erosion control effectiveness
of PAM. This research has been on-
going at the site since 1991. The PAM
study site consists of a total area of 2
ha (3 ac) divided into discrete expersi-
mentat plots. The soil is Pormeuf silt
lcam (coarse-silty. mixed. mesic,
Durixerollic Calciorthid), with a pH
of approximately 7.8 and a 2-8%
CaCO, equivalent in the top soil.

The two experiments in progress at
the tme of field sampling were iden-
tified as the ‘long-term’ and ‘man-
aged-inflow’ studies. The field lay-
out is a randomized block design with
three replications. Treatmnents in the
‘managed inflow’ studv consist of a
nomal-inflow PAM (22.6 L/min). a
high-inflow PAM (45.1 L/min) and
their respective controis. The field
was pianted to potatoes (var Russet
Burbank). The 'long-term’ study in-
cludes three reaments: conool. PAM
and Oil-PAM emulsion. The plot was
planted to dry pink beans (" Viva Pink
Phaseolus vulgaris L.). The potato
field received N ferdlizer (80 lb/ac)
s 3 urea-ammonium-nitrate mix (so-
Indon 32); the bean fields were oot
treated with chemical ferdlizer

In both studies, PAM-treated irmi-
gation water contzined 1C ppm PAM
during the inigal advance. followed
by delivery of untreated water forthe
remainder of the irrigadon set. This
treatment has been ongoing since
1992 in the ‘long term” piot. During
the growing season the potato field
was irrigated twice a wesk, wilile the
beans were irmigated oncs every 10-
14 days.

Soil Sample Collection
Approximataly 100 gm of soil was
collected from the upper 3 cm of each
sampled furrow bottom. at 2 distance
of 0.5m, 1.0m and 1.5 m from the
irrigation inlet. Samples were com-
bined. sieved through a 4 ram screen,
and swored for no more than 2 wesks
ar 4+C. Composite sampies were ob-
tained for each crop type and each
treatment type. in triplicate. Field
sampies were analvzed direcdy and
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also served as inoculum for enrich-
ment culturss. Chemicals Polyacry-
lamide (PAM) idendfied as E<4103.
used in enrichment cultures, was pro-
vided by Cytec Industries, Stamford
CT. had a molecular weight of 1-2
x107, 18 mole % anionic charge, and
was fres of N coniaining contami-
nants. The polvmeris comparable to
the commercially available magnifloc
836A described in more detail by
Lanrz 2t al. (14) which was the for-
mularion used in the field applica-
tons. In addidon. Cytec Industies
provided PAM-like molecules of re-
duced MW foruse in enrichment cul-
mres; E<4101 (200.000 MW),E<4100
(12,000 -15.000 MW, and E-4059
(3.000 - 4.000 MW). Acrylic acid
(AA: 99% pure), formamide (reagent
grade), prorionamide (97% pure) and
methyisulfonic acid (MSA; 99%
pure} were obtained from Aldrich
Chemicals (Milwaukee, WI).
Acrylamide (AM: > 99% pure), and
all other chemicals (reagent grade)
were purchased from Sigma Chemi-
cal (St. Louis).

Enumeration of

Bacteria in Soiis

Microbial populations in soil
samples wers enumerated by the het-
erotrophic piate count method on soil
extract agar and by the acridine or
ange direct count (AODC) method.
Soil samples used in the heterooophic
plate counts were diluted in sterile
0.85% NaQ aqueous solution. and
the various dilntions were plated in
0.1 mL quandtes on to soil extract
medium that was prepared as de-
scribed by Wollum (25).

AODC analysis was performed on
soil samples by the method described
by Schmid: and Paul (20).

Inorganic Nitrogen Pool

Determination

Soil sampies (10 g) were exmacted
with 100 mL of 2 M KCi by the
method described by Keeney and
Neison (12). and then refrigerated for
no longer than | week prior o analy-
sis. Nitrate-N concentration in each
exmact was deermined by UV spec-
toscopy (Gilford, model 2600) at 210
nm and 301 nm. as described by
Keeney and Nelson (12). Ammonia-



N in the extracts was determined by
arn ammonia specific electrode
(Crion, model 93-12).

Enrichment Cuitures and

Growth Curves

Soil samples (0.5 g) from PAM
treated and untreated furmows were in-
oculated into 25 mL of a mineral salts
medium consisting of KH.PO, (0.94
g). NoHPO,7H.O (17.74 g), CaCl,
(14,7 mg), MgSO, 7TH.0(0.24 g), and
1 mL of a trace metals solution (see
below) per L. at a pH of 7.6. PAM.
AM, or AA was added to separate
batches of media to investigate
whether enrichment populations
could be derived with the ability to
utilize these substrates as a sole car-
bon or nitrogen source. AM, AA or
PAM was added to give a final con-
centration of 0.05% in the medium.
When AM, AA. or PAM was t0 be
used as the scle C source, the medium
was supplemented with 0.2%
NH,NO,. When AM or PAM was 1o
be used as the sole N source, media
was supplemented to contain 0.1%
glucose, or 0.05% acetate and 0.05%
marmnitol. The trace metals solution
consisted of H,BO, (2.85 g).
MnCL4H.0 (1.8°g), FeSO,7H.0
(1.35 g). CoClL,6H.O (0.04 gJ.
CuCL-2H.0(0.03'g). NaMoO,2H.0
(0.03'g) and ZnCl, (0.02 g).in 1.OL
of distilled water. Controls consisted
of appropriately supplemented min-
eral salts medium and tnoculum. but
without PAM., AM or AA added.

The cultures were incubated at
30°C on a reciprocal shaker (200
pm). An aliquot of the culture was
transferred to fresh medium every
five.days. for a total of seven trans-
fers.

Growth curve experiments were
conducted on each of the enrichment
cultures exhibiting visible growth.
Culture was added to mineral saits
medium supplemented to contain the
same components on which the cul-
ture had been established. The cul-
tures were incubated at 30PConare-
ciprocal shaker and absorbance of the
cultures at 520 nm was determined
at regular time intervals.

Abiotic Release of NH,'NH,*

in Culture

Mineral medium (530 mL) supple-
mented with PAM, mannitol. and ac-
etate (described above 2xcept no bac-
terial inoculum was added) was dis-
pensed intc a 300 mL Erlenmeyer
flask and placed onto a reciprocal
shaker at 30°C for 72 hours. Samples
were removed at 24 hour intervals,
and then analyzed for NH ~-N viaion
chromatography. Ammonium was
quantified by ion chromatography
using a Dionex 100, equipped with a
CS12 column for cation detection,
cation self regenerating suppressor
and a conductivity detector. Twenty
mM methylsulfonic acid (MSA) was
the eluent used at a tlow rate of 1.0
ml/min.

UV Exposed PAM

and SEHPLC

The bonds that make up the back-
bone of PAM are vulnerable to cleav-
age through exposure to UV trradia-
tion and shear forces (18, 24). Inthe
soil environment. the long chain PAM
may be fragmented by these forces
through expesure 10 the sun and ull-
ing. To investigate the possibility that
PAM of shorter chain length could be
used as a C source, enrichrent cul-
tures were established in which vari-
ous chain length PAMs and UV ex-
posed PAM were added as the sole C
source.

Aliquots of PAM siock sclution
(25 mL: 0.1%) were dispensed into
150 mm x 13 mm sterile plasic petri
dishes and placed under a UV light
source for 24 hours.

Size exclusion HPLC was used to
identfy changes in PAM chain length
following UV treatment. The method
used was a modificadon of that de-
scribed by Leung et al. {16). A
Gilson HPLC was used. equipped
with a Rheodyne injector (model
7125) and Progel-TSK GMP,, col-
umn (Supeicc. Bellefonie, PA).
Sampies (20 pL) were injected.
eluded with 0.1 M NaSO,
isocratcally at 0.5 mL/min.. and de-
tected at 215 nm.

Enrichment cultures were estab-
lished and incubated as described
above except that UV treated PAM
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was supplied as the sole source of C
or N.

In addition. mineral salts medium
supplemented with reduced molecu-
lar weight PAM as the sole source of
carbon was inoculated and serially
tranfered as described above. PAM
preparations of 3,000-4,000 MW,
12.000-15,000 MW and 200,000
MW were each added to media sepa-
rately (o yield a final concentration
of 0.05%.

Amidase Determination

Amidase activity was determined
for enrichment cultures able to use
PAM as an N source. Cultures were
grown in 25 mL of mineral salts me-
dium supplemented with either
NH NO, (0.024%), proprionamide
(0.02%), or PAM (0.05%), as a source
of N, and 0.05% mannitol and 0.05%
acetate as a source of C. These con-
centrations yielded final C:N of ap-
proximately 6:1. The mineral saits
medium used was identical to that de-
scribed above except the
N2 HPO_7H.O (17.74 g) was re-
placed with K.HPO, (11.5 g). to re-
duce the concentration of Na*, and al-
low detection of NH,”, the assay prod-
uct using ion chromatography. The
flasks were incculated with 2 mL of
enrichment culture (generated from
PAM treated soil) in which PAM was
utilized as the sole N source. and then
incubated at 23° C for 43 hon a re-
ciprocal shaker (200 rpm). Cells
and culmire supernatant were har-
vested via centrifugation at 10.000 g
for 10 min at 4°C. The supematant
was collected and maintzined on ice.
while the cells were washed twice in
75 mM potassium phosphate buffer
at pH 7.6. Cell-free extracts were
obtained by sonication followed by
centrifugation at 10,000 g for 10 min
atd°C.

The cell fres extract and the cul-
ture supernatant were pooled and
used as enzyme source in the amidase
assay procedure described by
Friedrich and Mitrenga (6). The sub-
strates used were formamide,
propricnamide and PAM. ar concen-
trations of 100 mM. 100 mM, and
0.025% respectively. Assay mixtures
were established in triplicate foreach
amide and enzyme combination. The



assay mixmures were incubated at 30°
C for 2 h, then acidified with 1| M HC1
to pH 3.5 and mainiained on ice.
Amidase actvity was immediately
determined by the concentration of
NH,*-N released from the test sub-
strare. Ammonium Concenraton was
determined by ion chiromatography as
describe above. Conmols containing
only buffer + enzyme. and buffer +
amide were also analyzed for NH*
in order to determine the amount of
NH,* present in the test mixtures that
was specifically due to amidase ac-
avity.

Statistical Analysis

Statistical comparisons between
field sample analyses were conducted
using the one-way ANOVA, with a
confidence interval of 0.05 (p < 0.05)
(26). Comparison of culture amidase
activity berween the different N
sources and amide substrates were
analyzed using the Student’s T-test,
with a confidence interval of 0.05 (p
< 0.05) (26).

Results —
Enumeration of

Bacteria in Soils

Heterotrophic plate count data re-
vealed no significant differences be-
twesn (reated and untreated soil
planted to beans (fig. 1A). However
in the soil planted to potatoes, therz
was a significant increase in
culturabie heterotrophs in treated soil
as compared to unwreated soil (fig.
1C). The AQODC dara indicate that
total bacterial numbers were not sig-
nificantly altered in the PAM treated
soil as compared (o unireated samples
in either crop type (fig.1B.D).

Inorganic Nitregen Pool

Determination

Inorganic N pools were signifi-
cantly different between PAM treated
and untreated samples only under
specific circumstances. PAM treated
potato field soil had an elevated level
of KCl extractable NO,-N as com-
pared to untreated samples (fig.2D).
The impact on the KCl extractable
soil NH_-N appearsd to depend on the
PAM applicatdon flow rate (fig.2C).
While the NH,-N concentrations in
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unreated soil and soil treated with
PAM at a normal flow rate were not
significantly different, the soil col-
lected from furrows which were sub-
jectto higher inigal flow rates did ex-
hibit a higher concentrations of KCl
extractable NH,-N. The NO,-N and
NH,-N concentrations in the PAM
treated samples collected from the
bean field were not significantly dif-
ferent from the concentrations in the
untreated samples (fig.2A.B). There
was, however, asignificant difference
in both NO,-N and NH,-N concen-
tratons in samples that had been
treated using a PAM-mineral oil
emulsion (fig.2A.B).

Enrichment Cultures and

Growth Curves

To determine the extent to which
PAM and its monomeric subunits
(e.g. AA and AM} could be used as C
and/or N source, enrichment cultures
were established with PAM ueated
and untreated soil as inocula. Ability
of organisms to grow utilizing the
various C and N sources are shown
in table [, Enrichments were estab-
lished which were abie 10 use AM as

N T,

a C and N source, acrylic acidas a C
source. and PAM as a N source. No
enrichmertts were obtained that were
able to use PAM as a sole carbon
source. There were no differences be-
tween treared and untreated inocula
with respect to substrate utilization
ability.

No substantal differences were gb-
served betwesn the growth of en-
riched populations from treated soils
vs. untreated soils using PAM or AM
as a2 N source (fig.3A.B) and for en-
richments using AM asboth N and C
(fig.3E). For enrichments supplied
with AM or AA as a sole C source.
some differences betwesn treated and
untreated soil enrichments were ob-
served (fig 3C.D). Enrichments gen-
erated from PAM treated soils udliz-
ing AM as a C source displayed a en-
hanced growth response compared to
enrichments from untreated soils.
The opposite pattem was observed for
enrichments utilizing AA as a C
source
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Table 1. Enrichment culture growth using PAM treated and untreated soils as inocula

(+ = growth, - = no growth),

treated untreated

C source N source soil culture soil culture
None NH,NO, -

PAM NH,NO, - -
Acrylamide NH,NOQ, + +
Acrylic Acid NH,NC, + +
Glucose Nane . -
Glucose PAM + +
Glucose Arylamide + +
Giucose Acrylic Acid - -
None Ncre - -

PAM PAM -
Acrylamide Acrylamide + +
Acrylic Acid Acrylic Acid -

Abiatic Release of NH/NH,*

in Culture

Levels of NH,/NH," released abi-
otcally during incubation of medium
containing PAM indicate that negli-
gible NH/NH_* was released (0.10
ppm). A small amount of free NH,/

NH,*(0.35 ppm) was present in the
culture medium prior to incubation.

UV Exposed PAM and

SEHPLC

Treatment with UV light effec-
tively reduced the chain length as was
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evicanced by the production four spe-
cies with longer retention times de-
termiined by SEHPLC (data not
shown). No growth was observed in
the 2narichment cultures with carbon
presant as UV treated PAM or PAM
of MW as low as 3.000-4,000 (data
not snown).

Trzamment of PAM with UV light
did not significandy alter the capac-
ity cf the enrichments to utilize PAM
as 2 source of N (fig.3F). Enrich-
ments generated using UV treated
PAM and those generated with high
MW PAM exhibited similar growth
respenses.

Amidase Determination

Tte enrichment thar utilized PAM
as a N source produced amidase when
cultcred with PAM. This enrichment
did not exhibit amidase activity when
cuitured with NH NO, (table 2). The
amicase activity exhibited is appar-
endy inducible and demonstrated a
much broader substrate specificity
thar: the amidase(s) induced in the
presznce of proprionamide. The
PAM induced armidase(s) demon-
strazed more pronounced activity to-
warC PAM as a substrate than toward
the smaller amide substrates tested.

Discussion —
Enumeration of Bacteria
in Soils

Tre impact of PAM application ap-
pears 1o be site specific in the soils
examined in this study. In the soil
planied to beans. no significant im-
pact was observed with respect 1o ei-
ther the number of culturable het-
erotrophs or total bacteria (fig. 1A.B).
In the soil planted to potatoes, PAM
treazment did correspond to an in-
crease in culturable heterotrophs.
whiie the bacterial AODC counts
wers unchanged (fig, 1C.D).

Nadler and Steinberger (17) exam-
ined culturable bacterial numbers in
three soil types with two PAM prepa-
ratcns at differing concentrations and
the results were variable. Steinberger
et al.(23) determined the effect of
PAM application on microbial biom-
ass 10 be unpredictabie when deter-
mined in several soil types using a
range of PAM concentrations.
Charges in soil microbial population



levels due to PAM application is
likely dependent on many factors
such as crop type. soil characteristics.
moisture regime, nutrient status. and
the type of PAM preparation applied.
Any impact of PAM on microbial
population levels may be obscured by
other environmental parameters.

Inorganic Nitrogen Pool

Determination

The effects of PAM application on
inorganic N pools also appears 1o be
site specific. In the soil samples
planted to potatoes. an increase in
both NO,-N or NH.-N concentra-
tions was observed in samples ob-
tained from furrows receiving PAM
treated water ata high initial flow rate
(fig 2C.D). At the normal flow rate,
only the NO,-N was elevated, indi-
cating that the PAM treatment may
have altered the amount of NO, pro-
duced or utilized by soil blota The
observation that only the high flow
PAM treatment resulted in elevated
soil NH,-N concentration may be due
10 a higher PAM dose in those fur-
rows, resulting in a higher cumula-
tive concentration at which an effect
could be observed. It does not ap-
pear that the increase in NH.-N ob-
served was due (o the flow rate itseif
because controls were run comparing
high and normal flow untreated fur-
rows and no difference was observed
between them.

In the soil samples pianted to beans,
no difference was observed between
unireated soil and PAM treated soil
with regard to KCl extractable NO,-
N or NH -N (fig 2A.B). The abun-
dance of N in soil planted to legumes
may have overwhelmed any small
changes in NO;-N or NH,-N result-
ing frorn PAM apphcauon

It appears that PAM application to
agricultural soils can alter inorganic
N concentrations under certain con-
ditions. This may be due to changes
in N transforming microbial popula-
tion levels or altered availability of
N substrates in the soil environment.
It has been previously demonstrated
that application of acrylamide re-
sulted in an increase in NO; and NO,®
in soil (2). A similar phenomenon
may be occurring in PAM treated
soils. It possible that the addition of
PAM 1o agricultural soils may result

Table 2, Total amidase activity of PAM utilizing bacterial cansortium grown on

ditferent substrates.

N source/Amide in
growth medium

Specific activity for given amidase
substrate {(unitsimg protein)

Formamide Propionamide PAM
NHNO, 0 0 0
Progrionamide 0 1.00=C.C38 0.071+0.017
PAM 1.01=0.3C5 1.01=0.£34 7.49+0.85

inlow level release of N into the soil.
thus providing a slight fertlization ef-
fect.

The use of the PAM-mineral oil
emulsion as an imgation water addi-
tive resulted in a significant dscrease
in NH,-N and a significant increase
in NO,-N when compared 10 un-
treated and PAM treated soil pianted
to beans(fig. 2A.B). Because the
PAM preparation without mineral oil
did not result in this effect, it appears
that the mineral cil component may
be responsible for the impact ob-
served. The mineral oil mav have
been used as a carbon substrate by
some so0il organisms resulting in a
shift in population composition that
may in tum influence the inorganic
N pools in the soil.

Enrichment Cultures

It appears that naturally occurring
soil microorganisms are capable of
utilizing PAM and the monomer
acrylamnide as a sole source of N, En-
richment cultures were established
that could used the monomers that
make up the PAM polymer (AM and
AA) as a carbon source, but no en-
richments were able iouse PAM as a
source of C {table 1),

The large size of the PAM molecule
could certainly restrict its availabil-
ity 10 bacterial cells. Because envi-
ronmental factors such as UV and
shear forces have been shown to re-
duce chain length (18. 24), smaller
PAM moiecules and UV treated PAM
preparations were used in enrichment
efforts to culture organisms capable
of utilizing smaller versions of PAM
as a sole source of C. No culmrable
organisms capable of utilizing these
smaller forms of PAM were observed
from PAM treated or untreated soils.,
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Bacterial species exist that are ca-
pabie of utilizing acrylare oligomers
as Csource (11, 10). and Havashi et
al. (9) have reported that two groups
of bacteria eariched from soil, when
cuitured togzther. are able 1o degrade
polyacrylate molecules up to 3,000
MW._ 1t is possible that 501l orzanisms
exist that are capable of utilizing and
thus degrading PAM but are either
unculturabie or were unable 1o grow
under the conditions used here.

In addidon to abiotic forces (e.g.
UV irmadiation and shearing) that may
cleave the large PAM molecule into
smaller fragments that are more suit-
able for bacterial utilization, exoen-
zymes secre:zd by soil fungi and bac-
teria could potentially play a role in
reducing chain length. No data sup-
perting thesz theories of abiotic or bi-
ouc 1 siru chainlength shortening are
available due to technical difficulties
associated with desorbing and assay-
ing for PAM in soil systems. Alter-
natively. if the large PAM molecules
remain intact in the soil, or are frag-
mented bur still recalcitrant, then
PAM may ultimately be converted
into the humic fraction of the soil. A
similar phenomenon has been de-
scribed regarding incorporation of
recalcitrant pesticide residues into
humics by Alexander(1).

Commercially available PAM is re-
stricted by law (o contain no more
than 0.03% acrylamide monomer (4).
The acrylamide monomer is a potent
neurotoxin 19). Qur data indicate
that indigencus microbial populations
in both PAM treated and untreated
soil are capable of rapidly degrading
low concsntrations of acryla-
mide(table 1}, similar to that present
in the PAM preparations. This con-
clusion is supported by the findings
of Shanker 2t al. (22) who reported



compiete degradation of acrylamide
by soil microbes within five days of
applying 500 mg/kg of AM 10 gar-
den soil. Lande et al. (13) aiso re-
ported haif-life values of acrylamide
in soil ranging from 18 10 45 h when
25 mg/kg was applied to various soil
types. An estimate of the amount of
acrylamide applied to a given furrow
per irrigation event using 10 ppm
PAM is approximately 1.2 x 10 mg/
kg assuming 6 ins. of penetrarion.

Growth Curves of

Enrichments

Growth curve data were collected
to compare growth response patems
of enrichments derived from PAM
treated and untreated soils 1o ascer-
tain whether populations in those
soils differed due to PAM application.
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Enrichments able to use PAM as N,
AM as N, and AM as C and N dem-
onstrated similar growth responses re-
gardless of origin of soil inoculum
{fig.3A.B.E). These results imply that
similar populations exist in the soils
regardless of PAM treamment. Enrich-
ments generated from PAM treated
soil that used AM as a C source dem-
onstrated an elevated growth re-
sponse as compared to that of the
untreared soil enrichment (fig.3C).
This may reflect the existence of a se-
lective pressure or advantage in 50il
ueated with the PAM preparation in
witich contaminating AM is present.
However, in enrichments that used
AA as a source of C, untreated soils
demonstrated an elevated growth re-
sponse (fig.3D). This result contrasts
with the AM enrichment culture
growth curve data and with the pro-
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posed mechanism of bacterial utili-
zation of AM (22) in which AM is
converted into AA via amidase ac-
ton. followed by rapid mineralization
of AA.

To investigate whether use of UV
exposed PAM during the enrichment
process would select a different popu-
lation, UV exposed PAM and unex-
posed high MW PAM were used as
N sources in the generation of enrich-
ment cultures. The growth curves of
those enrichments imply no differ-
ence in the enrichment populations
based on growth response patems

(fig.3F).

Abictic release of NH3/NH4+

in culture

Ability of enrichments to use PAM
as a source of N was presumably due
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10 hydrolysis of the amidz bond re-
sulting in the release of NH/NH_*, ei-
ther through abiotic hydrolysis oren-
zymatic action. The data indicate that
a minute quantity of NH./NH = was
released during incubation {0.10 ppm
over 72 hours), in addition to a very
small amount present as an initial
contaminant (0.35 ppm). The sub-
ppm concentration of NH,/NH *
present is inadequate to support ob-
servable cell growth. Consequently.
abtotic hvdrolysis does not appear to
play a substantial role in the utiliza-
tion of PAM as a N source by the en-
richments.

Amidase Determination

The utilization of amides as a
source of N has been reported in a
variety of organisms including bac-
teria (3). Amidase (EC 3.5.1.4) en-
zyme activity is one of the mecha-
nisms by which amides can be used
as a source of N via the following re-
action;

RCONH, +H,0->RCOOH +NH,
This type of enzyme activiry has been
associated with utilization of the
monomer AM by soil microbes (22).
and this mechanism was investigated
as a possible pathway by which bac-
teria in the enrichments were gaining
N benefit from PAM.

Enrichment cultures that were able
1o utilize PAM as a sole N source did
exhibit amidase activity (table 2).
The enrichments which utilized PAM
as a sole source of N probably were
not able to transport the intact PAM
molecule into the cell given its Iarge
size (approximately 0.2 um). It is
likely that an initial transformation
must take place external to the cell
before the cell can gain benefit from
the PAM molecule. Extracellular
amidase catalyzed hydrolysis may be
responsible for this transformation.
This hvdrolysis would result in the
release of NH,/NH_*, which could be
readily transported into the c¢2ll and
used as a source of N.

The amidase {or amidase suite) pro-
duced by the enrichment culture isin-
ducible and shows activity toward
several aliphatic amides. The ami-
dase. however., appears to have an
increased activity when reacting with
the largz PAM substrate. A different
amidase or amidase suite appears to
be induced in the presence of

propionamide which shows only
slight activity toward the large PAM
molecule.

It 1s possible that a similar phenom-
enon, the release of exiracellular ami-
dase by microbes to gain N benefit
from the PAM, may occur in the soil
environment. If PAM can be used by
some microbes as a source of N via
amidase release of N into the soil en-
vironment. it is not difficult 1o imag-
ine that inorganic N concentrations in
the soil could be affected as was ob-
served in the field soil planted to po-
tatoes (fig.2A B).

Summary

These resuits indicate that PAM
treatment of agricultural soils may
impact soil microbial ecology and m-
trient cycling patterns, and these ef-
fects appear to be site specific. In ad-
diticn, PAM may potentially be used
by soil bacteria as a source of N re-
sulting in at least a partial degrada-
tion of the molecule.
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